Abstract: Anisotropy of magnetic susceptibility (AMS) combined with structural analysis are used in this work with the aim to characterize the tectonic evolution of the Triassic flysch within the eastern Tethyan Himalaya Thrust Belt in SE Tibet. The attitude of the magnetic foliation and lineation are concordant with the planar and linear structures of tectonic origin defined by the preferred orientation of the iron-bearing silicates. Two different tectonic domains can be defined: (a) the southern domain is controlled by the Eohimalayan tectonic foliation (S1) recorded in the magnetic foliation which trends east-west and dips to the north; (b) the northern domain is dominated by the Neohimalayan magnetic foliation with WNW-ESE strike and dips to the south opposite to the vergence of the main structures. A slightly prolate magnetic ellipsoid has been found in between the two domains recording the intersection of S1 and the subtle development of the S2 tectonic foliation. Hinterland propagation of the deformation lead to the Great Counter backthrust generation, pointed out by the SSW steeply plunging magnetic lineation. Furthermore different orientations of magnetic foliation may indicate an Early Miocene c. 208 clockwise verticalaxis rotation.
The collision of India into Eurasia resulted in large-scale shortening of 'Greater India' and the consequent development of the Himalayan chain in the Early Tertiary (c. 55 -50 Ma) (e.g. Searle 1986; Gaetani & Garzanti 1991; Patzelt et al. 1996; Najman et al. 2005) . The Tibetan Plateau and its bordering orogenic mountain belts like the Himalaya provide one of the best natural laboratories to study continental collision processes. The Himalayan orogen has a length of c. 2500 km between the Nanga Parbat and the Namche Barwa peaks. These extreme points are geologically called Western and Eastern Syntaxis respectively (Fig. 1a, b) .
The present study is focused in a key area of the eastern Himalayan belt in SE Tibet, close to the Eastern syntaxis, where the structural style changes from frontal collision along the Himalaya to dextral shear between Indian and Asian plates as indicated by GPS observations and Quaternary fault slip rates (Holt et al. 1991) . Furthermore the study area belongs to the Tethyan Himalaya which represents the carapace to mid-crustal rocks whose exhumation mechanism is under discussion (e.g. Godin et al. 2006; Kellett & Godin 2009 ). To better understand the processes we focus our study in the Triassic flysch of the Tethyan Himalaya in order to obtain better constraints on the kinematic evolution and structural style of folds and thrusts since the India-Asia collision. In the remote area of SE Tibet a very long (c. 80 km) and continuous section of Triassic flysch of Tethyan Himalaya crops out perpendicular to the main east -west trend of the belt, where little work has been done until now (Fig. 1b, c) .
The present work combines the analysis of anisotropy of magnetic susceptibility (AMS) and structural data. The usefulness of AMS has been widely proved for studying deformation in weakly deformed rocks like mudstones or granites with an incipient deformation (e.g. Borradaile & Tarling 1981; Tarling & Hrouda 1993; Bouchez 1997; Borradaile & Jackson 2004; Román-Berdiel et al. 2004) . Moreover in deformed rocks, with a dominant paramagnetic signal of the tensor, AMS can be a reliable and fast tool for quantifying the Steck (2003) , Pan et al. (2004) and Yin (2006) . A rectangle shows the location of the studied area. MFT, Main Frontal Thrust; MBT, Main Boundary Thrust; MCT, Main Central Thrust; NP, Nanga Parbat; An, Annapurna; E, Everest; Ku, Khula Kangri; NB, Namche Barwa; T, Timphu. (c) Simplified cross-section of the eastern Himalayas; location in Figure 1b ; topographic profile from DEM data. STDS, South Tibetan Detachment System; LF, Lhunze Fault; GCT, Great Counter Thrust and IYR, Indus-Yarlung River. MFT, MBT, MCT, KT (Kakhtang thrust) and STDS attitude from Grujic et al. (2002) and McQuarrie et al. (2008) ; Tethyan Himalayan (I-I 0 ) features from Figure 3 (this study). preferred orientation of elongated particles or structural elements or crystallographic alignment of minerals (e.g. Hirt et al. 1988; Averbuch et al. 1992; Parés & van der Pluijm 2002; Oliva-Urcia et al. 2009 ). The study of AMS in slightly deformed rocks has been recently emphasized by Burmeister et al. (2009) and it seems that it is able to highlight strain distributions more efficiently than measurements techniques of finite strain analyses.
Major Himalayan tectonic elements
The Himalayan belt is the result of the complex superposition of two main tectonic and metamorphic phases: the Eohimalayan phase related to the first stages of the collision (Middle EoceneLate Oligocene) and the Neohimalayan phase responsible for the main structure of the orogen (Early Miocene -present) (Hodges 2000; Fig. 2 ). Looking at the major Neohimalayan tectonic elements the Himalaya can be divided into four litho-tectonic units (Fig. 1b, c) (Gansser 1964; Le Fort 1975; Hodges 2000; Yin 2006 ). These are, from bottom to top and from south to north:
(1) The Siwalik molasses in the footwall of the Main Boundary Thrust (MBT) made up of Himalayan foreland basin sediments of Miocene to Pliocene-Pleistocene age (Gansser 1964) (Fig. 1b, c) . (2) The Lesser Himalayan Sequence (LHS) in the footwall of the Main Central Thrust (MCT) (Fig. 1b, c) , consisting of sediments from Proterozoic to Cambrian reaching the Paleocene age in the more eastern sectors of the belt (Stöcklin 1980; Valdiya 1980) . Sediments were deposited in a proximal position on the Indian shelf and deformed by thrusts and folds under very low-grade metamorphic conditions (Colchen et al. 1986; Hodges 2000) . (3) The Greater Himalayan sequence (GHS) cropping out between the MCT and the set of north-dipping normal faults of the South Tibetan Detachment System (STDS) (Pêcher 1991; Burchfiel et al. 1992) . It represents the metamorphic core of the Himalayas with high grade metasediments and meta-igneous rocks (Le Fort 1975; Grujic et al. 2002) . Leucogranitic intrusions are common in the contact zone with the STDS, for example, the Manaslu granite (e.g. Guillot et al. 1993) . The contemporaneous activity of the MCT and the STDS, confined between 23 -17 Ma (Godin et al. 2006) led to the exhumation of the GHS (Figs 1b, c & 2) . (4) The Tethyan Himalaya sequence (THS) is a typical passive margin sequence deposited on the Indian passive margin. It crops out between the south-dipping Great Counter Thrust (GCT) in the north and the STDS in the south (Fig. 1b, c) . The Great Counter Thrust is a south-dipping thrust system (Heim & Gansser 1939; Searle 1986; Ratschbacher et al. 1994; Ding et al. 2005) which can be detected along the entire Himalaya from Zanskar to east of Gyaca (Fig. 1) (Fig. 1b) . The Tethyan Himalaya is built up of a continuous sedimentary sequence ranging from Cambro-Ordovician to Eocene and deposited on the passive northern margin of the Indian continent (Fuchs 1967; Willems et al. 1996; Garzanti 1999; Dupuis et al. 2006) . The central Tethyan Himalaya can be divided in two sub-zones which are separated by the GyrongKangmar Thrust (Liu 1992; Liu & Einsele 1994; Willems et al. 1996) . The southern sub-zone is formed by slightly metamorphosed carbonate platforms and the nothern sub-zone is defined by clastic sediments indicating the separation of the Indian plate from Gondwana and the following abyssal sedimentation conditions (Gaetani & Garzanti 1991; Brookfield 1993; Liu & Einsele 1994; Willems et al. 1996) . The sequence has experienced a complex structural history (see Fig. 2 for correlation of tectonic features in the Tethyan Himalaya). Godin (2003) defined five main phases of deformation, in the south Tethyan Himalaya in central Nepal, which can be partially or completely recognized along strike of the THS (Fig. 2) . The first phase (D1) is defined by south-vergent small-scale folds (F1) with related low-grade axial planar foliation (S1) (e.g. Godin 2003; Carosi et al. 2007; Fig. 2) . The D2 phase is characterized by large asymmetrical north-vergent megascopic backfolds (Kellett & Godin 2009 ) and a penetrative axial plane foliation (S2) defined by the preferred orientation of biotite, Fig. 2 . Simplified synthesis of main deformation events in the Tethyan Himalaya from west to east. Left column refers to previous synthesis proposed by Hodges (2000) including general Himalayan events. muscovite and elongated quartz grains in pelitic layers (Godin 2003; Carosi et al. 2007 ; Fig. 2) . Crouzet et al. (2007) found K/Ar ages around 30-25 Ma interpreted as ages of recrystallized K-white micas newly formed during metamorphism and D2 in central Nepal. Moreover secondary pyrrhotite remanences show that F2 folding took place about 35 -32 Ma (Appel et al. 1991; Crouzet et al. 2001; Schill et al. 2003) . The third phase is related to the development of the South Tibetan Detachment system at c. 23 -17 Ma for the whole belt (Godin et al. 2006 and references therein; Fig. 2 ). In the eastern Himalaya near Khula Kangri (Fig. 1b) , Edwards & Harrison (1997) found an age ,12.5 Ma for the STDS development. D4 deformation phase is characterized by SW -NE shortening recorded in post-peak metamorphic F4 kink folds associated with a regional crenulation cleavage S4 and SW directed thrusts (Godin 2003) . Since at least the late Miocene (c. 8 Ma) east -west extension affected the Tethyan Himalaya sequence (D5 phase; Fig. 2 ) giving rise to northsouth Graben structures, for example, the Takkhola Graben in central Himalaya and the Cona Graben in the eastern Himalaya (Armijo et al. 1986; Garzione et al. 2003) . The Tethyan Himalaya sequence experienced low-grade metamorphic conditions (Garzanti et al. 1994; Crouzet et al. 2007; Aikman et al. 2008; Dunkl et al. 2008 ) characterized by peak palaeotemperatures ranging from 250-450 8C (Crouzet et al. 2007) . The age of the metamorphism decreases from the west to the east Himalaya ranging from 44-47 Ma in Zanskar to 30-25 Ma in central Himalaya (Bonhomme & Garzanti 1991; Crouzet et al. 2007 ).
Study area: the Triassic flysch of the eastern Tethyan Himalaya
The present study is focused on the Triassic flysch of the Tethyan Himalaya with a sedimentation age of Middle Triassic to Early Jurassic (Chang 1984; Pan et al. 2004 ). Our work is concentrated in an area geographically located south of the Yarlung Tsangpo River that extends from Nagarze in the west as far as east of Gyaca (Fig. 3) . Here the flysch consists of turbidites and carbonate flysch (Dupuis et al. 2005) and it is represented by black shales interbedded with sandstone/siltstone and locally some limestone. The organic-rich pelitic lithologies always contain early diagenetic pyrite crystals. The sequence is intruded by mafic dykes and contains small ultramafic intrusions. The dominant structures are folds and imbricate thrusts involving the whole passive continental margin sequence of the Tethyan Himalaya Aikman et al. 2008 ).
In the north the Great Counter Thrust separates the Triassic flysch from the mélange complex and the Cretaceous clastic rocks (Fig. 3) . The mélange complex (constituted by cherts, shales, marbles, andesites, diorites, mafic and ultramafic bodies, limestones and phyllites) has been deposited on the growing Neo-Tethys ocean floor and incorporated in a subduction complex mélange (Searle 1986 ). The Cretaceous clastic rocks were deposited in the active palaeomargin of the Indus Yarlung Suture Zone Pan et al. 2004; Dupuis et al. 2005) . In the eastern Himalaya the Renbu-Zedong Thrust (Yin et al. 1994; Harrison et al. 2000) has been correlated with the Great Counter Thrust. The Great Counter Thrust in the Ringbung area is dated by K/Ar in a phyllite as 17.5 Ma old (Ratschbacher et al. 1994) . This age coincides with the interval of activity from 18 -10 Ma of the Great Counter Thrust in the Zedong area dated by Ar/Ar analyses on K-feldspar analysis (Quidelleur et al. 1997; Harrison et al. 2000) .
Towards the south the Triassic flysch is in contact with the Upper Jurassic (continental clastic rocks, marls and marine limestones) and Cretaceous clastic rocks which represent the platform sequence of the Indian passive margin (e.g. Liu & Einsele 1996) . The southern contact between the Triassic flysch and the Jurassic -Cretaceous rocks (Fig. 3) is marked by the Lhunze Fault which is likely comparable with the east -west-trending and northdipping Gyrong-Kangmar Thrust cropping out around 50 km west of the Yadong Gulu Graben (Chen et al. 1990; Liu 1992; Yin 2006; Aikman et al. 2008) .
Two kinds of intrusions have affected the Triassic flysch in the study area: the Dala granitoids of Eocene age (Aikman et al. 2008 ) and the Neogene North Himalayan gneiss domes (Fig. 3) . The latter are represented by the Mt. Jangsang Lhamo south of Nagarze and the Yala Xiangbo south of Qusum (Fig. 3) . Preliminary thermochronological data indicate that the Yala Xiangbo leucogranite was emplaced at c. 18 Ma, and cooled through the muscovite closure window at c. 13.5 Ma (Aikman et al. 2004; Zhang et al. 2005) . The Neogene domes have been interpreted as metamorphic core complex owing to the fact that the granites are surrounded by detachment faults and shear zones (e.g. Zhang et al. 2005) . Afterwards the east -west Neogene extension played a key role in the deformation of the eastern Tethyan Himalaya giving rise to the NNE -SSW Cona Graben that can be followed from the north of the Indus Yarlung Suture Zone as far as the South Tibetan Detachment System, with c. 210 km length and 8 km width (Fig. 3) . The Cona Graben is the easternmost graben that crosses the Tethyan Himalaya and GPS velocities have indicated no significant (0.3 + 0.9 mm a 21 ) fault opening at present-day (Gan et al. 2007 ).
Structural and metamorphic data
A polyphase tectonic history has been recognized in the study area characterized by two main tectonic phases named hereafter D1 and D2 (see Fig. 2 for correlation between Tethyan Himalayan deformation phases). During the first D1 tectonic phase, referred to the Eohimalayan event (Hodges 2000) , metric to kilometric asymmetrical F1 folds developed. F1 folds face to the south and their axes trend ENE -WSW. Parallel to axial planes of F1 folds, a S1 axial plane foliation can be recognized (see stereograms of sector 1, south of sector 2 and sector 3 in Fig. 4a ). In the southern parts of the studied area S1 is the dominant planar structure in the field (Fig. 4b ). In the Nagarze area (sector 1; Fig. 4a ) the mean vector of the S1 poles trends 2208 and plunges 708 (a 95 ¼ 228; k ¼ 4.9) and in the Qonggyai valley (south of Zetang in sector 2; Fig. 4a ) the S1 pole mean vector trends 1828 and plunges 308 (a 95 ¼ 248; k ¼ 13.8; Fig. 4a ). East of the Cona Graben, in sector 3, S1 poles mean vector trends 2108 and plunges 358 (a 95 ¼ 5.68; k ¼ 7.3; Fig. 4c ). S1 is a low grade foliation and microstructural observations show that moving from south to north, S1 foliation varies from a disjunctive spaced stylolitic cleavage with no dynamic recrystallization to a fine continuous foliation (Montomoli et al. 2008 ) marked by synkinematic recrystallization of very fine-grained phyllosilicates (Fig. 4d ). Object lineations, trending NW-SE, are well represented by strain fringes, mainly composed of quartz around pyrite crystals. D1 deformation occurred in diagenetic or lower anchizonal conditions probably in Paleogene times .
A later D2 deformation phase is superimposed on D1 structures (Fig. 2 ). D2 is represented by a weak crenulation cleavage in the southern portions but moving towards the GCT it gives rise to decimetre to decametre-scale F2 folds (Fig. 4e ). F2 folds have east-west-trending gently plunging axes and verge to the north. Associated with F2 folds a S2 foliation was generated. Axial plane foliation S2 strikes WNW-ESE with moderate dips towards the south (see stereograms north of sector 2 and sector 4 in Fig. 4a ). Equal area projection of S2 poles of sector 4 show a grouping (a 95 ¼ 14.68; k ¼ 3.2; Fig. 4c ) with a mean vector trending 0078 and plunging 438 (Fig. 4a, c) . Foliation S2 varies from a discrete zonal crenulation with well defined cleavage domains near the Qusum Thrust (Fig. 4f ) to a fine continuous foliation in a more strained area in the vicinity of the Great Counter Thrust, where S2 is the most visible structural element in the outcrop. In some cases, in the more northern areas S2 is associated with the dynamic recrystallization of illite-sericite (Montomoli et al. 2008) . East of the Cona Graben the WNW -ESE-trending thrust fault with south to south -SW dip described in Yin (2006) , that we name the Qusum Thrust, represents the boundary between S1 and S2 foliations.
Top-to-the-N or NE brittle -ductile shear zones are developed in the overturned limbs of F2 folds with kinematic indicators such as C-S fabric (Berthé et al. 1979 ). On C surfaces stretching lineations strike north-south and plunge gently to the south (Montomoli et al. 2008; see Fig. 4a stereogram with stretching lineation within S2 at site Yt32). D2 took place at higher anchizonal to greenschist facies conditions in Miocene times and the process culminated around 24 Ma as Dunkl et al. (2008) have shown.
AMS analysis
AMS was measured in 516 cylindrical rock specimens with a standard size of 2.5 cm diameter and 2.1 cm length. Samples were collected from 53 sites distributed along north-south valleys between Yamdrock lake and east of Gyaca (Fig. 3) , with an average of 10 cores at each site. A portable gasoline powered rock drill machine was used and cores were oriented in situ with a magnetic compass. The study of AMS was carried out with an AGICO KLY-2 Kappabridge at Tuebingen University. The AMS ellipsoid was determined from 15 different directional measurements. The results can be characterized by the bulk susceptibility (Km) given as arithmetic mean of the three principal axes of the AMS ellipsoid: Km ¼ 1/3(K max þ K int þ K min ) and the orientations and magnitudes of the K max . K int . K min axes of the AMS ellipsoid. The statistical procedure to obtain the directional data was based on tensor analysis by Jelinek (1977) , using the program anisoft42 developed by Chadima and Jelinek (last version of 2008). The mean values for areas were calculated by Fisher statistics (Fisher et al. 1987) with the program Stereogram v. 1.2 (R. Allmendiger). In numerous tectonic and AMS studies it has been shown that in rocks where ironrich silicates control magnetic susceptibility the cluster of minimum axes of the magnetic ellipsoid (K min ) is related to the magnetic foliation because the minimum susceptibility axis is nearly perpendicular to the basal cleavage of phyllosilicates crystals (e.g. Kneen 1976; Borradaile & Werner 1994; Martín-Hernández & Hirt 2003) . A cluster of maximum axes (K max ) or magnetic lineation can reflect either the extension direction, the intersection of two competing subfabrics (because the maximum susceptibility axis is the intersection axis between the phyllosilicates crystals), or an orientation in between (Borradaile & Tarling 1981; Housen et al. 1993; Parés et al. 1999; Parés & van der Pluijm 2002; Soto et al. 2003) . Furthermore Jelinek's method gives different scalar parameters which are very useful to describe the magnetic fabrics: the corrected anisotropy degree (P 0 ) can be related to the intensity of the preferred orientation of minerals in rocks in which the susceptibility is mainly carried by paramagnetic minerals. The shape parameter (T) indicates the form of the magnetic ellipsoid. T can range from 21 (prolate ellipsoid) to 1 (oblate ellipsoid). The magnetic foliation parameter (F ¼ K int /K min ) and magnetic lineation parameter (L ¼ K max /K int ) can be plotted in a Flinn type plot (Flinn 1962 ) normally used in structural geology. We used also Jelinek's elliptical confidence angles as markers of the quality of AMS data (Jelinek 1977) .
Magnetic mineralogy and carriers of the magnetic fabric
The determination of the minerals that contribute to the anisotropy of magnetic susceptibility is an essential step in order to understand the origin of the magnetic fabric and their structural interpretation. In the following we predominantly utilize median values and quartiles for concentrationdependent parameters because these are more representative that mean values and standard deviation in data sets with some significant outliers.
The Fig. 5a ). Around 89 % of the sites show a low bulk susceptibility median ,500 Â 10 26 SI typical for rocks where the magnetic fabric is usually controlled by the crystal lattice orientation of the paramagnetic fraction (Rochette 1987) . Similar values of magnetic susceptibility have been found in other studies where paramagnetic minerals controlled the AMS ellipsoid (e.g. Tarling & Hrouda 1993) . Sites N6, Tu5, Tu6 and Mv30 have higher values (Km . 800 Â 10 26 SI) probably related to a significant contribution of the ferro(i)magnetic fraction to the total magnetic susceptibility and they will be analysed separately. Natural Remanent Magnetization (NRM) was measured in 10 samples per site with a 2 G RF-SQUID magnetometer. The NRM median is low, 0.4 mA/m (1st quartile ¼ 0.26 mA/m, 3rd quartile ¼ 1.4 mA/m, mean ¼ 10.8 mA/m and STD ¼ 43.3 mA/m) ( Table 1) . Around 72% of the sites give median values of NRM ,1 mA/m and there is no correlation of Km and NRM (R 2 ¼ 0.12) likely indicating a low content of ferro(i)magnetic minerals (Fig. 5a) . A similar analysis was carried out on 41 samples from 24 sites, looking at the relation between the Km and saturation isothermal remanent magnetization (SIRM) at 2.4 T (SIRM imparted by a MMPM9 pulse magnetizer). Also for SIRM and Km no significant dependence was found. Variation of magnetic susceptibility was measured for 14 sites between 2196 8C and room temperature using a low temperature unit attached to a KLY-3 Kappabridge (AGICO). The measured thermomagnetic curves, after free furnace correction, show a temperature dependence of susceptibility following the Curie Law (Nagata 1961) characteristic for paramagnetic minerals (Fig. 5b) . Moreover variation of magnetic susceptibility was measured for 7 sites between room temperature and 700 8C using a high temperature unit attached to a KLY-3 Kappabridge (AGICO). The measured thermomagnetic curves, after free furnace correction, show no presence of pyrrhotite and a minor contribution of magnetite indicated by decay around 580 8C.
In thin sections and in outcrop views we observed pyrite crystals inside the slates. Pyrite influence on the total magnetic susceptibility is small but it is an important source for the creation of pyrrhotite during the metamorphism (Rochette 1987; Borradaile & Sarvas 1990; Crouzet et al. 2001) . The main decay of intensity of the SIRM around 325 8C indicates the presence of pyrrhotite in all the studied samples (Fig. 5c) . IRM acquisition in a direct field up to a maximum of 1.8 T shows near saturation at 0.3 T suggesting that the pyrrhotite grains are in a rather low coercive multidomain state. It is also noted that in site Yt32 additional magnetite was observed by its Curie temperature around 580 8C.
The aforementioned results were further examined quantitatively by means of hysteresis properties. Hysteresis properties were measured in 28 sites with an Alternating Gradient Force Magnetometer AGFM 2900 (Princeton Measurements Corp.). The maximum applied field was 800 mT in which the ferro(i)magnetic phase is fully saturated. All samples show a straight line at highs fields due to the intrinsic high field susceptibility of the paramagnetic minerals (Borradaile & Werner 1994) . The ferro(i)magnetic component shows a low coercivity (Hc , 10 mT) confirming the presence of a very low coercive MD pyrrhotite or some contribution of magnetite (Fig. 5d) . In order to quantify the paramagnetic and ferro(i)magnetic contribution to the total magnetic susceptibility we calculated the bulk specific susceptibility of the paramagnetic fraction from the slope of the hysteresis loop at high fields and compared it with the total bulk specific susceptibility at low fields of the same sample as (Jelinek's statistics, 1977) : n, number of measured samples; Km, Bulk magnetic susceptibility (Â10 26 SI); K max and K min mean (trend/plunge) with the 95% confidence angle (CA). P 0 , corrected degree of anisotropy; T, shape parameter. was previously done by other authors (e.g. Richter & van der Pluijm 1994) . The values obtained in 11 samples from different homogeneously distributed sites indicate that in five samples (sites Pa40, Fv38, N3, Qu20, Sr24) the ferro(i)magnetic contribution is less than 30% and in six samples (sites Fv37, Z13, Yt33, Mo42, Tu4, Tu5) the ferro(i)magnetic contribution to the total magnetic susceptibility is in between 30% and 60% (Fig. 5e ).
However, one has to be cautious with these results as they are based on very small samples and thus reliability of upscaling is dependent on the homogeneity of the rocks. Consequently all these results in conjunction with the well defined magnetic foliation parallel to the tectonic foliation plane and the fact that P 0 values are characteristic of rocks governed by phyllosilicates (Fig. 6a ) point out that a predominating paramagnetic control of the total anisotropy of magnetic susceptibility can be expected in most sampled sites. For this reason the geographical distribution of the axes of the ellipsoid of magnetic susceptibility can be interpreted in terms of the preferred orientation of the phyllosilicates in relation to their structural location. However, there might be also some small contribution from subordinate pyrrhotite or magnetite mainly in sites Tu5, Tu6, Mv30 and N6 which have not been included in the scalar parameter plots and in the tectonic interpretation. Although these four sites show K min axis nearly perpendicular to the tectonic foliation (Table 1 & Fig. 4a ) as in the sites controlled by the paramagnetic mineral fraction, may be related to a coaxiality of magnetic fabrics and petrofabrics, as was previously noted by Borradaile & Sarvas (1990) in the slates west of Atikokan (Canada).
AMS ellipsoid: the corrected degree of anisotropy and shape parameters
The corrected degree of anisotropy (P 0 ) in the slates of SE Tibet is in the range of P 0 characteristic for slates where the main carriers of the AMS are phyllosilicates (Tarling & Hrouda 1993; Parés & van der Pluijm 2002 Borradaile & Werner 1994 respectively) . In order to detect the dependence of the corrected degree of anisotropy on the rock composition (iron content) we studied the relation between the corrected degree of anisotropy and Km at site scale and regional scale. Only two sites (We9 and Sr23) indicate dependence of the corrected degree of anisotropy on the magnetic susceptibility at site scale. The plot of Km v. P 0 mean site values indicates no correlation between the magnetic susceptibility (iron content) and the degree of anisotropy (R 2 ¼ 0.37; Fig. 6a ). These data corroborate the magnetic mineralogy analysis suggesting that the phyllosilicates predominantly control the AMS signal.
The shape of the magnetic ellipsoid is oblate in 92% of the sites; only sites N6, Qu20, Nn52 and Mo41 show a slightly prolate ellipsoid. The shape parameter mean is 0.5 (STD ¼ 0.26) suggesting the dominance of a planar fabric controlled by the foliation (Fig. 6b & Table 1 ). Likewise the F parameter (F mean ¼ 1.18, STD ¼ 0.16) and the L parameter (L mean ¼ 1.06, STD ¼ 0.08) distribution in the Flinn diagram confirms the control of the foliation (Fig. 6b) .
Different shapes of AMS ellipsoids, definition of magnetic foliation and lineation
Equal area plots of the principal AMS axes show three typical shapes of AMS ellipsoids (Figs 3, 7 & Table 1 ). The first type is an oblate ellipsoid with a cluster of K min perpendicular to the foliation plane and K max and K int distributed along the foliation plane (e.g. site Q16 in Fig. 7a ). The fact that K max is not grouped prevents the definition of the magnetic lineation (e.g. Pueyo et al. 2004) . The second type and most common one shows a triaxial ellipsoid with all three axes well grouped; K min axes are perpendicular to the foliation plane and K max axes represent different structural elements. They can be parallel to the F1 or F2 fold axes, related to the intersection of S1 and S2 as previously documented Housen et al. (1993) (e.g. see Fig. 4a intersection lineation of S1 and S2, L12, in site We9 is nearly parallel to K max orientation of We9; Table 1 ) or parallel to the stretching lineation (e.g. site Yt32 in Fig. 7b ). The third type presents a slightly prolate ellipsoid characterized by a semigirdle distribution of K min axes and a cluster of K max axes, magnetic lineation, which is related the intersection lineation of S1 and S2 foliations as can be seen in the site Qu20 in Figure 7b . How these ellipsoids are spatially distributed in the studied area as well as the orientation and relation with the structural elements is discussed below.
Magnetic foliation and lineation in the Triassic flysch of SE Tibet
Four sectors like in the structural section have been distinguished in order to understand the relation between the magnetic fabric and the structural data (Fig. 8) .
Sector 1 mainly corresponds to the Nagarze area, which is located east of the Yadong Gulu Graben and in the vicinity of the Jangsang Lhamo North Himalayan gneiss dome (Figs 4 & 8) . These nine sites show a triaxial magnetic ellipsoid described above. Magnetic foliation strikes WNW-ESE with moderate dips towards the north and parallel to S1 tectonic foliation (Fig. 8a) . It is also noted that the dip varies from very gentle angles beside the Jangsang Lhamo Dome to near vertical moving to the east. Magnetic lineation has a NNW-SSE trend and north-NW plunge approximately parallel to gneiss dome elongation (Fig. 8b) . Like the magnetic foliation the plunge values of the magnetic lineation increase from the Jangsang Lhamo dome to the east. Furthermore two sites were drilled in the east side of the Puma Lake and c. 40 km north of the South Tibetan Detachment System ( Fig. 3 ; sites N7 and N8). These two sites have directions and plunges of the magnetic lineation and foliation that follow the general trend of the magnetic axes at Nagarze.
Sector 2 covers the valleys south of Zhanang and Zetang towards Yala Xiangbo dome (Figs 4 & 8) . Sites S21 and S22 in the Zhanang valley present triaxial magnetic ellipsoids with magnetic foliation trending east-west with moderate dip to the south parallel to S2 tectonic foliation. Magnetic lineation trends NNE-SSW with plunge towards the south-SW. The Qonggyai profile (location in Fig. 3 ) presents AMS ellipsoids that change from oblate in the south to triaxial in the central part and magnetic foliation strikes east-west and dips to the north analog to tectonic foliation S1 (Fig. 7a site Z12) . The magnetic lineation contained in the magnetic foliation and S1, trends NNE -SSW with moderate north-NE plunge (K max mean vector ¼ 028/59, a 95 ¼ 26.78, k ¼ 33.5) (Fig. 7a site Z19 ). Northwest of Yala Xiangbo and south of Yardoi three sites describe triaxial ellipsoids and magnetic foliation striking SW -NE with moderate dip values towards the NW. The cluster of K max values describes a magnetic lineation trending NNW-SSE with 438 plunge towards the north-NW (Fig. 8b) . Moving towards Zetang and the Great Counter Thrust the AMS ellipsoid is oblate (sites Q16 and Q17) and magnetic foliation strikes WNW-ESE but with southward dip similar to S2 tectonic foliation (Figs 7a site Q16 & 8a) . From these results we can define two domains within sector 2 with opposite dip of the magnetic foliation and tectonic foliation (Figs 7a & 8a) .
Sector 3 lies geographically between north of the Dala pass and Qusum. Tectonically this area is east of the Cona Graben and south of the Qusum Thrust. Eastward of the Yala Xiangbo (sites Tu and We) AMS ellipsoids are triaxial, the magnetic foliation has a NW-SE strike and dips about 608 to the NE parallel to S1 (Fig. 7a site Tu2). The magnetic lineation trends NW-SE and plunges to the NW and SE. Moving to the north the magnetic foliation changes to east -west strike and the magnetic lineation becomes east -west with a gentle plunge to the east parallel to the intersection of S1 and S2 tectonic foliations. In the proximity of the Qusum Thrust and the S2 domain, the magnetic ellipsoid switches to be more prolate (e.g. T ¼ 20.13 in site Qu20). Here magnetic lineation trends east -west with almost horizontal plunge, parallel to the intersection of S1 and S2 tectonic foliations (Fig. 7b site Qu20 & Fig. 8b) .
Sector 4 is located between the Great Counter Thrust and the Qusum Thrust where S2 is the main tectonic foliation. The southern and central parts present AMS ellipsoids which are slightly prolate (sites Mv27, Mv29, Fv38, Pa40) or oblate AMS ellipsoids (Fig. 7b site Mv27). The magnetic foliation reflected in the oblate ellipsoids (sites Sr24, Sr25, Mv26, Mv28, Mv30 & Yt34) has WNW -ESE strike and south-SW dips parallel to S2 tectonic foliation. The slightly prolate ellipsoids present magnetic lineations with east -west direction and gentle plunges towards the west and are parallel to the F2 fold axes and the lineation defined by the intersection of S1 and S2 foliation. Towards the north, close to the Great Counter Thrust and the Indus Yarlung Suture Zone (sites Sr23, Yt32 & Yt33), ellipsoids turn to triaxial shape. Magnetic foliation trends west -east with steep dips towards the south and the magnetic lineation trends north-south with a 678 plunge to the south (sites Yt32 & Yt33), parallel to the stretching lineation and perpendicular to the Great Counter Thrust surface (Fig. 7b site Yt32 & Fig. 8a, b) .
Tectonic interpretation and sequence of magnetic fabric development
Magnetic foliation and lineation in the slates of the Triassic flysch are the result of a complex sum of tectonic and metamorphic phases from the IndiaAsia collision until present. We suggest a 5-stageevolution of the magnetic fabric supported by the structural properties to constraint the kinematic evolution of the eastern Tethyan Himalaya. Magnetic foliation and lineation have been analysed referred to their present-day orientation (see Fig. 9 for kinematic model proposed here and Fig. 2 to comparison with other kinematic models previously proposed).
1st Stage
During the Eohimalayan or D1 phase (Middle Eocene -Late Oligocene; Hodges 2000; Fig. 2 ) the collision of India and Asia produced the development of east -west-trending south facing isoclinal folds with related axial planar foliation (S1). This is shown south of Qonggyai (sector 2; Figs 4a & 8a) by well grouping K min directions and K max and K int axes scattered within the tectonic S1 foliation plane (Fig. 9a) .
2nd Stage
Near the locality of Qonggyai where D1 phase governs the orientation of the structures, the magnetic lineation is interpreted as the direction of stretching lineation of the phyllosilicates, under the prevailing stress field, during thrust sheet emplacement as has been described in other thrust structures (Oliva-Urcia et al. 2009 ). The plunge of the magnetic lineation indicates thrust emplacement towards the south-SW (Himalayan foreland) ( Fig. 9b) in agreement with the south-directed displacement along the Lhunze fault, 15 km south of the studied sites (Aikman et al. 2008) . Detailed structural and thermochronological analysis should be carried on the Lhunze Fault to closely constraint the timing and local and regional importance of this fault.
3rd Stage
Continuous deformation in the flysch thrust-wedge produced a change in the fold vergence around 20 km south of the Indus Yarlung Suture Zone and the Gangdese granite. This north-vergent deformation starts with the incipient development of the north-vergent F2 folds and related S2 crenulation cleavage (Fig. 2) . This switch of vergence in the structures is recorded in the magnetic fabric by a subtle prolate ellipsoid with K min axes distributed in a semigirdle (Figs 7b sites Qu20, Mv27; Fig. 9c ). This stage of magnetic fabric is similar to the stage of pencil cleavage (e.g. Borradaile & Tarling 1981; Housen et al. 1993; Parés et al. 1999) characterized by the incipient development of a new planar feature, in our case the foliation S2. This composite fabric reflects a combination of the S1 and the younger S2 foliation with K max axes strikingly east -west with gentle plunge, parallel to the intersection lineation between S1 and S2 (L12). The reason for this parallelism is that this direction is the intersection axis between the iron sheet silicates (Parés et al. 1999) . As the foliation S2 becomes pervasive it transposes the older S1 and K min cluster parallel to the pole of S2 tectonic foliation. K max and K int axes are distributed in a girdle that coincides with the S2 foliation plane. The time interval for the S2 foliation development can be related to the c. 24 Ma K/Ar ages found in illites ), which we relate to an authigenic origin linked to the formation of the foliation S2. As deformation increases K max and K min axes become tightly clustered (triaxial ellipsoid) and magnetic lineation trends east -west parallel to F2 axes and the intersection lineation of S1 and S2 foliations (e.g. Fig. 8b sites Fv35 and Sr23).
4th Stage
Continuation of backward deformation towards higher structural levels was probably responsible for the formation of the north-directed Great Counter backthrust around 18 to 10 Ma (Quidelleur et al. 1997; Harrison et al. 2000; Fig. 2) which placed the Triassic flysch over the mélange complex or the Cretaceous rocks. This event is reflected in the north-south direction and 678 southward plunge of the magnetic lineation that is strikingly coincident with the stretching lineation in sites Yt32 and Yt33. The magnetic lineation is the expression of the strain undergone by the hanging wall of the Great Counter backthrust during its emplacement (Fig. 9d) .
5th Stage
From a more speculative point of view the 5th stage suggests two possible processes, which during the Middle Miocene resulted in the change of the east -west trend of the Eohimalayan magnetic foliation preserved in the Qonggyai valley to the NW -SE trend of the post-Eohimalayan magnetic foliation near Nagarze (sector 1) and east of the Cona Graben (sectors 3 and 4). The first possibility is an c. 208 clockwise rotation of the magnetic foliation related to vertical-axis rotations during the eastward extrusion of the Tibetan plateau (Tapponnier et al. 1982) . Schill et al. (2004) also reported clockwise rotation in the central Tethyan Himalaya based on secondary remanence directions which were probably acquired during the last metamorphic cooling in Late Oligocene or Early Miocene times. Gan et al. (2007) describe a NE trend of GPS velocities in SE Tibet. Their data furthermore indicate that the GPS velocity east of the Cona Graben is more eastward directed which implies a clockwise rotation of this area relative to the adjacent area in the west. The second possibility can be associated with the doming of the North Himalayan domes. The magnetic foliation around the Yala Xiangbo describes a slight bend that is parallel to the contact of the dome with the flysch and in Nagarze area the inclination of the magnetic foliation and lineation decreases towards east of the flank of the Jangsang Lhamo dome. These two facts can suggest that the Triassic flysch had passively accommodated the doming around 18 -13.5 Ma (Aikman et al. 2004) producing block rotations and tilting of the neighbouring structural elements.
Conclusions
The AMS and structural data collected in the Triassic flysch of the Tethyan Himalaya indicate that the magnetic fabric is an indicator of progressive deformation when the original foliation is overprinted, and allow us to reconstruct the fabric and tectonic evolution processes in SE Tibet.
In the studied slates magnetic susceptibility is predominantly carried by the paramagnetic fraction. This is shown by temperature dependence of the susceptibility following the 1/T Curie law, the comparison between the high field v. the low field susceptibilities and the parallelism between tectonic and magnetic foliation. AMS provides quantitative information about the orientation of phyllosilicates alignment and the degree and shape of the AMS ellipsoid. Directions of stretching and intersection of the two foliations have been detected even when it is difficult to identify them in the field or only possible to measure them with extensive time consumption. AMS combined with structural studies allow us to gain a deeper structural insight on the evolution of the Triassic flysch within the eastern Tethyan Himalaya. Two different tectonic domains can be defined. East of the Cona graben these domains are separated by the Qusum Thrust. The southern domain is structurally dominated by east -weststriking and north-dipping magnetic foliation parallel to the Eohimalayan S1 tectonic foliation in accordance with the characteristic south vergence of the orogen. North of the Qusum Thrust 'backward' deformation is reflected in the magnetic foliation and tectonic S2 foliation which have WNW-ESE direction and dips to the south, opposite to the main vergence of the Himalayan system. In between the two domains an intermediate magnetic fabric is found where the incipient S2 foliation overlaps the S1 foliation and K max cluster roughly parallel to the intersection of S1 and S2 tectonic foliations. K/Ar age of c. 24 Ma have been related to new micas with an authigenic origin linked to the formation of the S2 foliation. The two domains described in this study are the result of D1 and D2 deformation phases which can be observed in other north -south sections along the fold-thrust belt (Fig. 2) , indicating no major changes in deformation features along east-west strike of the Tethyan Himalaya.
Magnetic lineation is interpreted as the transport direction of thrust structures in two locations within the study area. Near Qonggyai we identified a north-NE plunging magnetic lineation that is related to the phyllosilicates elongation direction, and could be the expression of the strain caused in the footwall of the Lhunze basement thrust. Close to the Yarlung Tsangpo, the magnetic lineation shows north -south trend and steep south plunge, and recorded the transport direction of the Neohimalayan Great Counter backthrust about 18 to 10 Ma (Quidelleur et al. 1997; Harrison et al. 2000) synchronous with the activity on the MCT and STDS (Yin et al. 1994) .
Different orientations of magnetic foliations may indicate a Middle Miocene c. 208 clockwise vertical-axis rotation. This result would be in accordance with clockwise block rotations in the central Himalaya observed in secondary remanence directions (Schill et al. 2004 ) and present GPS velocities (e.g. Gan et al. 2007 ) that point out large/ scale dextral shearing caused by the eastward extrusion of the Tibetan Plateau. Likewise intrusion and exhumation of the North Himalayan domes can have induced block rotations and tilting of the adjacent tectonic elements. However these hypotheses need additional structural and palaeomagnetic analyses to be verified.
